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(54) INFRARED LASER COMPONENT DETECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a detector for optically 
detecting a trace gas content reduced in weight and volume to a 
ppb (10-9) level, by improving operability and environment 
resistance of the device. 

SOLUTION: After a first laser beam having a spectral line in a first 
wavelength area and a second laser beam having a spectral line in 
a wavelength area of a shorter/longer wavelength than the first 
wavelength are guided via isolators 11b and 12b and optical fibers 
1 1 a and 1 2a f so as to be multiplexed by means of an optical 
multiplexer 15, a narrow-band laser beam is produced in a 
intermediate infrared area (2-9 pm) by means of a difference 
frequency producing nonlinear optical crystal 10, and on the basis 
of absorption based on the trace gas constituent in the narrow- 
band laser beam, the trace gas constituent is detected and its 
quantity is determined. The wavelength area of the second laser 
beam is varied by means of an external controller 6 so as to be 
synchronized with the absorption wavelength of the trace gas 
content to be detected, and consequently, component detection 
and quantity determination can be carried out. 
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[Claim(s)] 

[Claim 1] Infrared-laser component detection equipment which is made to generate a narrow-band laser 
beam in an inside infrared field (2-9 micrometers) with the nonlinear optical crystal for difference 
frequency generations, and detects and carries out the quantum of the minute amount gas constituents 
based on absorption by the minute amount gas constituents of this narrow-band laser beam after carrying 
out the light guide of the 1st laser beam which has the spectral line in the 1st wavelength region, and the 
2nd laser beam which has the spectral line on short wavelength or long wavelength from the wavelength 
region of the above 1st through an isolator and an optical fiber and multiplexing with an optical 
multiplexing vessel. 

[Claim 2] Infrared laser component detection equipment according to claim 1 which is aligned with the 
absorption wavelength of the minute amount gas constituents which wavelength should be changed and 
should detect the wavelength of the 2nd laser beam with external-control equipment, and considers a 
quantum as component detection. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the equipment which detects optically the minute amount gas constituents 
of ppb (10-9) level using the laser beam of the absorption region wavelength of detected gas, especially, 
this invention controls the wavelength of a laser beam, and based on the absorption effect of the laser 
beam which aligned with the absorption region of oscillating revolution transition of the specific gas 
molecule which exists in each wavelength field, it constitutes it so that specification of various minute 
amount gas and the quantum of concentration may be carried out to real time. 
[0002] 

[Description of the Prior Art] In recent years, the monitor and detection of ppb (10-9) level of minute 
amount gas are important on environmental sanitation. For example, the interest is attracted until which 
is emitted at a city, the farm village section, and works or it results in the monitor of a station 
environment from the field about physiology and global warming further. 

[0003] As the detection approach of the minute amount gas constituents of ppb (10-9) level, a gas 
chromatograph, a liquid chrornatograph, a mass spectrometry or the equipment that analyzes the minute 
amount gas constituents which used these together, and electrochemical analysis are known 
conventionally. However, also in which approach, since the lead time (it is sometimes about ten - 20 
days) of pretreatments, such as concentration of a sample, was also required in order for a quantum to 
take a certain amount of time amount (about 30 minutes) and to raise dependability, detection of real 
time was difficult. 
[0004] 

[Problem(s) to be Solved by the Invention] Although real-time detection of minute amount gas 
constituents is theoretically possible, in case the detection approach based on fluorescence, dispersion, 
absorption, etc* by the laser beam detects a certain kind of minute amount gas constituents, it needs to 
double the output wavelength of laser with the absorption region of a matter proper. 
[0005] The laser component which emits the laser beam of the infrared region in direct in an inside 
infrared region, using a lead semi-conductor as laser which can change output wavelength, and the 
optical parametric oscillator are known. 

[0006] Since output wavelength was changed by operating at the low temperature of about 77 degrees K, 
and adjusting operating temperature, actuation of changing output wavelength was difficult for the laser 
component using a lead semi-conductor, and it required time amount, and even if it could carry out in the 
laboratory, it was inapplicable to environmental measurement as practical use equipment. 
[0007] Moreover, while emanating, the spectral band width of the optical parametric oscillator of an 
infrared light line was wide, and its equipment was large-sized and it did not fit exact measurement of 
minute amount gas. 

[0008] Then, while this invention performs real-time measurement, in order to raise the resistance to 
environment of equipment and to mitigate weight and the volume To the laser light source to which 
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output wavelength is changed between two laser light sources which generate the laser beam of 
difference frequency among the component parts of the equipment which generates a laser beam For the 
component which mixes two beams of light, using the semiconductor laser component which adjusts an 
energization current and can change output wavelength The nonlinear optical crystal for difference 
frequency generations to which it has a nonlinear characteristic in a broadband and it is not necessary to 
change whenever [ over a crystal / incident angle ] (For example, Periodically Poled Lithium 
Niobate:LiNb03:period reversal mold lithium niobate) is used. Furthermore, the optical fiber for a 
communication link is used for the components concerning the light guide of a laser beam, it constitutes 
so that an optical mirror and large mounting of weight may not be used as much as possible, and 
real-time measurement is enabled. 
[0009] 

[Means for Solving the Problem] The 1st laser beam to which the infrared laser component detection 
equipment of this invention has the spectral line in the 1st wavelength region, The 2nd laser beam which 
has the spectral line on short wavelength or long wavelength from the 1st wavelength region Isolator lib, 
After carrying out a light guide through 12b and optical fibers 11a and 12a and multiplexing with the 
optical multiplexing vessel 15, A narrow-band laser beam is generated in an inside infrared field (2-9 
micrometers) with the nonlinear optical crystal 10 for difference frequency generations, and the quantum 
of the minute amount gas constituents is detected and carried out based on absorption by the minute 
amount gas constituents of this narrow-band laser beam. 

[0010] Moreover, it can be made to be able to align with the absorption wavelength of the minute 
amount gas constituents which the output wavelength of the 2nd laser beam should be changed with 
external-control equipment, and should detect it, and component detection and a quantum can be carried 
out. 
[0011] 

[Embodiment of the Invention] The infrared laser component detector of this invention possesses the 
laser beam generating section which generates the laser beam which aligned with the absorption line of 
detected gas, the detected space 2 to which the multiple echo of between reflecting mirrors 21 and 22 
was carried out and detected gas was [ space ] fiill of this laser beam, and the optoelectric transducer 3 
which detects the reinforcement of the laser beam by which the multiple echo was carried out, as shown 
in drawing I . 

[0012] The laser beam generating section For example, the 1st laser light source 11 which outputs a 
wavelength lambdal=1.06micrometer laser beam, The 2nd laser light source 12 which can change 
output wavelength focusing on wavelength lambda2=1.57micrometer, The optical multiplexing machine 
15 to which two laser beams outputted from these two laser light sources 11 and 12 are led through 
optical fibers 11a and 12a and optical isolators lib and 12b, The lens 16 which converges the laser beam 
multiplexed and outputted with this optical multiplexing vessel 15, The nonlinear optical crystal 10 for 
difference frequency generations which this laser beam that converged carries out incidence, and outputs 
the wavelength component of the difference of the wavelength of two laser beams which carried out 
incidence, It is constituted by the collimate lens 17 which makes a parallel ray the beam of light 
outputted from this nonlinear optical crystal 10 for difference frequency generations, and the filter 18 
which passes a long wavelength component (2-9 micrometers) among the beams of light outputted from 
the nonlinear optical crystal 10 for difference frequency generations. 

[0013] As an output wavelength region is shown in drawing 2 as the 2nd laser light source 12 which may 
change The wavelength adjustable semiconductor laser diode components 31-3n arranged circularly, The 
optical fibers 41-4n to which an each laser diode components [ 31-3n ] output beam of light is led, The 
optical change-over machine 4 which switches an each optical fibers [ 41-4n ] point one by one, and is 
led to optical-fiber 12a, The laser light source constituted by this change-over switch (not shown) that 
interlocks optical change-over machine 4 and is energized for one laser diode component, and the 
control unit (not shown) which controls an energization current to the set point can be used. Moreover, 
instead of using the optical change-over machine 4, the head of optical-fiber 12a may be put in one each 
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laser diode components [ 3 l-3n ] irradiation hole, and may be changed. 

[0014] The range to which the wavelength of one wavelength adjustable semiconductor laser diode 
component may be changed is few (about 0.001-0.010 micrometers), and is several times the wavelength 
range which includes the absorption region A of drawing 4 , and the transparency region B about one 
kind of gas. Therefore, if the class of measured gas changes, the class of wavelength adjustable 
semiconductor laser component must be changed. 

[0015] Then, two or more laser diode components 31-3n As shown in spectral characteristics curvilinear 
drawing of drawing 3 , output wavelength regions are two or more different laser diode components 
small [ every ]. Each laser diode component By connecting the optical change-over machine 4 and a 
change-over switch 5 possible [ to extent which can cover between the spectrums which each adjoin by 
adjusting an energization current / output wavelength ] and interlocked with [ extent ] Out of each laser 
diode components 3 l-3n, one laser diode component is chosen, and can be operated, and the laser beam 
of request wavelength can be made to output by adjusting the energization current and changing output 
wavelength. Moreover, 12g of diffraction gratings can be prepared as a means to change the output 
wavelength of a laser diode component, and output wavelength can be changed by adjusting the include 
angle to the optical axis of 1 2g of this diffraction grating, 

[0016] Furthermore, the laser diode component suitable for detected gas is chosen, the control unit using 
a computer adjusts an energization current, and the laser beam of request wavelength makes output by 
storing in the memory of a computer the table of the data in which the number of the laser diode 
component which emits light in the laser beam of wavelength suitable for detection of two or more 
detected gas constituents and each gas constituents, and relation with the energization current are shown, 
and inputting the class of detected gas. 

[0017] The nonlinear optical crystal 10 for difference frequency generations is a nonlinear optical crystal. 
From the photon of two high frequencies If conditions which the conversion process (lambda 1, lambda2 
->lambda3, an example: lOOOnm - 1500 nm -> 3000nm) which generates one low energy photon 
produces are set up By choosing suitably the wavelength of the 1st laser beam (wavelength 
Iambdai=lmicrometer) and the 2nd laser beam (wavelength lambda2=1.5-3.0micrometer), the laser 
beam of a narrow-band is obtained in an inside infrared field (2-9 micrometers), it can be made to be 
able to align with the absorption region of detected gas, and change of optical reinforcement can be 
obtained. 

[0018] In addition, optical isolators lib and 12b are formed in order to prevent that the reflected light of 
a laser beam carries out incidence to laser light sources 11 and 12, and makes laser light sources II and 
12 instability. 

[0019] The 1st concave mirror 21 which the detected space 2 is space made full of detected gas, and has 
a bore 20 in the center section, After carrying out the multiple echo of the laser beam of an infrared field 
between two concave mirrors 21 and 22 while having this 1st concave mirror 21 and the 2nd concave 
mirror 22 which countered and carrying out incidence in the direction of slant through the bore 20 of the 
1st concave mirror 21 , Make it output in the direction of slant from the bore 20 of the 1 st concave mirror 
21, and it is made to reflect with a reflecting mirror 23, and it is constituted so that incidence may be 
carried out to an optical detector (optoelectric transducer) 3. 

[0020] Next, the procedure which measures the detected gas concentration which exists in the detected 
space 2 using the infrared laser component detector constituted in this way is explained. 
[0021] The detected space 2 makes detected gas full, if the gas constituents which want to operate and 
detect the keyboard of a control device 6 are inputted, will select the laser diode component of the 2nd 
laser light source 12 corresponding to the inputted gas constituents, and will set the energization current 
as the value of request wavelength. 

[0022] And if the 1st laser light source 11 and the 2nd laser light source 12 are operated For example, a 
1 ,06-micrometer laser beam is outputted from the 1st laser light source 11. Since the laser beam of the 
single spectrum to which wavelength may be changed focusing on 1.57 micrometers from the 2nd laser 
light source 12 is outputted Lead these two laser beams to the optical multiplexing machine 15 through 
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optical fibers 11a and 12a, and it is made to multiplex. The laser beam of the wavelength component of 
the difference of the wavelength of two laser beams to which it converged with the lens 16, and 
incidence of the laser beam it was multiplexed [ laser beam ] was carried out to the nonlinear optical 
crystal 10 for difference frequency generations, and it carried out incidence is made to output. As shown 
in transparency spectrum curvilinear drawing of drawing 4 , the wavelength of the laser beam outputted 
from this nonlinear optical crystal 10 can be made in agreement with the absorption region A of the 
narrow-band absorbed by detected gas, or can be changed to the transparency region B from which it 
separated from this absorption region A. 

[0023] After it makes the detected space 2 carry out incidence of the laser beam outputted from this 
nonlinear optical crystal 10 through the bore 20 of the 1st concave mirror 21 and it carries out a multiple 
echo between the 1st concave mirror 21 and the 2nd concave mirror 22, make it output in the direction of 
slant with the 1st concave mirror 21, it is made to reflect with a reflecting mirror 23, and incidence is 
carried out to an optical detector 3. this - **, if it <TXF FR=0001 HE=155 WI=080 LX^0200 
LY=0300> comes and detected gas exists in the detected space 2 Since the laser beam of the absorption 
region A outputted from the nonlinear optical crystal 10 is absorbed and the laser beam of the 
transparency region B is not absorbed If change the absorbed amount in these absorption regions A and 
the transparency region B into an electrical signal with an optical detector 3, it is made to input into a 
control unit 6 and both ratio is obtained, this ratio corresponds to the concentration of detected gas. 
[0024] In a control unit 6, perform data processing which changes into gas concentration the electrical 
signal outputted from the optical detector 3 in an absorption region A and the transparency region B, and 
it is made to display on a drop by computer based on the principle of Lambert-Beer that the change on 
the strength by absorption of the laser beam which passes the absorption medium of fixed concentration 
decreases exponentially to transparency distance, or a printout is carried out by the printer. 
[0025] When detected gas is strange, the data corresponding to two or more detected gas constituents 
stored in memory by the control device 6 are read one by one, sequential change of the output 
wavelength of the 2nd laser light source 12 is carried out, and it scans on the absorption wavelength of 
all the detected gas that exists in the detected space 2. And what is necessary is to perform data 
processing which changes into gas concentration the electrical signal outputted from the optical detector 
3 for every wavelength, and to make it display on a drop, or just to carry out a printout by the printer. 
[0026] 

[Effect of the Invention] According to this invention, so that clearly from the explanation based on the 
gestalt of the above operation by computer control The lead time for being able to measure the 
concentration of desired detected gas, and making the wavelength of the 2nd laser beam scan, and 
detecting the following gas molecule from one gas molecule Since it becomes short with about several 
seconds, even if the minute amount gas of strange varieties exists, it becomes measurable [ real time ] 
with one equipment 

[0027] Since attach an optical-fiber coupler in a laser light source, there is no location gap of the optical 
system by an oscillation or the temperature change since direct continuation of the optical fiber for a 
communication link is carried out, and it becomes what has high dependability and the degree of 
freedom of arrangement of a laser light source increases within the limits of the bending degree of 
freedom of a fiber further, while becoming ******, lightweight-ization by the cutback of components 
mark can also be performed. 
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